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Abstract
In the wake of the recent measurements of the decays Bc → J/ψ π(K)
and Bc → J/ψ ℓνℓ reported by the LHCb Collaboration we calculate the
form factors for the Bc → J/ψ and Bc → ηc transitions in full kinematical
region within covariant confined quark model. Then we use the calculated
form factors to evaluate the partial decay widths of the above-mentioned
semileptonic and nonleptonic decays of the Bc meson. We find that the
theoretical predictions on the ratios of RK+/π+ and Rπ+/µ+ν are in good
agreement with last LHCb-data. However, the prediction for the RJ/ψ is
found to be underestimated.
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1. Introduction
The first measurement that relates semileptonic and hadronic decay rates
of the B+c meson was performed by the LHCb Collaboration [1]. The mea-
sured value of the ratio of branching fractions,
Rπ+/µ+ν = B(B
+
c → J/ψπ+)
B(B+c → J/ψµ+νµ)
= 0.0469± 0.0028(stat)± 0.0046(syst), (1)
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was found at the lower end of available theoretical predictions. Among
them one can mention a nonrelativistic reduction of the Bethe-Salpeter equa-
tion [2, 3, 4], a light-front constituent quark model [5, 6], QCD sum rules [7],
a relativistic quasipotential Schro¨dinger model [8], and a relativistic con-
stituent quark model [9].
The decay B+c → J/ψK+ was observed for the first time by the LHCb
Collaboration [10]. The ratio of the branching fractions were measured to be
RK+/π+ = B(B
+
c → J/ψK+)
B(B+c → J/ψπ+)
=
{
0.069± 0.019(stat)± 0.005(syst) [10]
0.079± 0.007(stat)± 0.003(syst) [11]
(2)
The theoretical predictions for this ratio given in Refs. [2, 3, 6, 8, 9, 12,
13, 14] lie in the range from 0.054 to 0.088.
Recently, LHCb collaboration reported about measurement of the ratio
of semileptonic branching fractions RJ/ψ [15]:
RJ/ψ = B(B
+
c → J/ψτ+ντ )
B(B+c → J/ψµ+νµ)
= 0.71± 0.17(stat)± 0.18(syst). (3)
This result lies within 2 standard deviations above the predictions obtained in
several theoretical models Refs. [6, 13, 16, 17, 18, 19] based on the Standard
Model. Note that the semileptonic Bc decays provide an excellent laboratory
to measure the CKM-matrix elements: Vcb, Vub, Vcs and Vcd. The theoretical
description of semileptonic and nonleptonic decays is, however, nontrivial
problem because one needs to know the transition form factors characterizing
the strong transition of the Bc to the charmonium.
In this paper we use the form factors for the Bc → J/ψ and Bc →
ηc transitions calculated in the full kinematical region within the covariant
confined quark model [20, 21]. We evaluate the partial decay widths of the
above-mentioned semileptonic and nonleptonic decays of the Bc meson and
compare our predictions for the ratios Rπ+/µ+ν , RK+/π+ , RJ/ψ with available
experimental data given by Eqs. (1)-(3) and the results obtained in other
approaches.
The paper is organized in the following manner. In Sec. 2 we define the
hadronic matrix elements in terms of the invariant and helicity form factors.
We calculate the form factors within the covariant confined quark model
(CCQM) in the full kinematical region of the momentum transfer squared
with all model parameters to be fixed.
2
In Sec. 3 we present our numerical results for the semileptonic and non-
leptonic branching ratios of the Bc meson calculated within our model and
compare them with those calculated in other approaches. Finally, we briefly
conclude in Sec. 4.
2. Form factors, helicity amplitudes and decay widths
The form factors of the transitions of the Bc into charmonia ηc and J/ψ
have been calculated in our recent papers [20, 21] in the framework of the
covariant confined quark model. The accuracy of calculation was estimated
of 10%.
The results of our numerical calculations can be approximated with high
accuracy by the parameterization
F (q2) =
F (0)
1− a sˆ+ b sˆ2 , sˆ =
q2
m2Bc
, (4)
the relative error of the approximation is less than 1%. The values of F (0),
a, and b are listed in Table 1.
Table 1: Parameters of the approximated form factors for Bc → J/ψ(ηc) transitions.
A0 A+ A− V F+ F−
F (0) 1.65 0.55 −0.87 0.78 0.75 −0.40
a 1.19 1.68 1.85 1.82 1.31 1.25
b 0.17 0.70 0.91 0.87 0.33 0.25
The invariant form factors for the semileptonic Bc-decay into the hadron
with spin S = 0, 1 are defined by
MµS=0 = P µF+(q2) + qµF−(q2), (5)
MµS=1 =
ǫ†ν
m1 +m2
{
− gµνPqA0(q2) + P µP νA+(q2) + qµP νA−(q2)
+ iεPqµνV (q2)
}
, (6)
where P = p1 + p2, q = p1 − p2 and εPqµν ≡ εαβµνPαqβ. It is convenient to
express all physical observables through the helicity form factors Hm. The
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helicity form factors Hm can be expressed in terms of the invariant form
factors in the following way [22]: (a) Spin S = 0:
Ht =
1√
q2
{
Pq F+ + q
2 F−
}
, H± = 0 , H0 =
2m1 |p2|√
q2
F+ . (7)
(b) Spin S = 1:
Ht =
1
m1 +m2
m1 |p2|
m2
√
q2
{
Pq (A+ − A0) + q2A−
}
,
H± =
1
m1 +m2
{−Pq A0 ± 2m1 |p2| V } , (8)
H0 =
1
m1 +m2
1
2m2
√
q2
{−Pq (Pq − q2)A0 + 4m21 |p2|2A+} .
where |p2| = λ1/2(m21, m22, q2)/(2m1) is the momentum of the outgoing par-
ticles in the Bc rest frame.
b c
c¯
Bc Mcc¯
ℓ
ν¯ℓ
W
b c
c¯
q¯
u
Bc Mcc¯
P (V )
Heff
Figure 1: Pictorial representation of the semileptonic and nonleptonic Bc decays.
The semileptonic decays Bc →Mcc¯+ℓ¯νℓ are described by the tree diagram
shown at the left panel in Fig. 1. Note that Mcc¯ denote both the ηc and J/ψ
states. The decay widths are written down as
Γ(B+c →Mcc¯ ℓ¯νℓ) =
G2F
(2 π)3
|Vcb|2
q2max∫
m2
ℓ
dq2
(q2 −m2ℓ)2 |p2|
12m21 q
2
(9)
×
{(
1 +
m2ℓ
2 q2
) ∑
i=±,0
(
HBc→Mc¯ci (q
2)
)2
+
3m2ℓ
2 q2
(
HBc→Mc¯ct (q
2)
)2}
.
4
The effective Hamiltonian which is needed to describe the nonleptonic
decays Bc →Mcc¯ + π(K) is given by
Heff = −GF√
2
VcbV
†
uq (C1 (q¯b)V −A(c¯u)V−A + C2 (c¯b)V −A(q¯u)V−A) (10)
where the subscript V −A refers to the usual left–chiral current and q = d, s.
The Feynman diagram describing such decays is shown at the right panel in
Fig. 1. The nonleptonic Bc-decay widths in terms of the helicity amplitudes
are given by
Γ(B+c → P+Mc¯c) =
G2F
16 π
|p2|
m21
∣∣VcbV †uqa1fPmP ∣∣2 (HBc→Mc¯ct (m2P ))2 ,
(P+ = π+, K+, and q = d, s, respectively),
(11)
Γ(B+c → V +Mc¯c) =
G2F
16 π
|p2|
m21
|VcbV †uqa1fVmV |2
∑
i=0,±
(
HBc→Mc¯ci (m
2
V )
)2
,
(V + = ρ+, K∗+, and q = d, s, respectively),
where a1 = C2 + ξ C1 with ξ = 1/Nc. The leptonic decay constants are also
calculated fP (V ) in the framework of the CCQM.
3. Numerical results
First, we show up the input parameters used in calculations. The central
values of the relevant CKM-matrix elements |Vcb| = 0.0405, |Vud| = 0.974
and |Vus| = 0.225 are taken from the PDG [23]. The values of leptonic decay
constants were calculated in our previous papers and are given in Eq. (12)
(all in MeV).
fπ fK fρ fK∗
130.3 156.0 221.0 226.8
(12)
We will use the numerical values of the Wilson coefficients from [24] ob-
tained at the scale µ = 4 GeV at leading order with Λ
(5)
MS = 225 MeV. One
has C2 = 1.141 and C1 = −0.310 that gives a1 = C2 + ξC1 = 1.038. Note
that this value has been also used in the paper [25]. It differs from the most
old papers where the color-suppressed factor ξ was set to zero.
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The results of theoretical predictions of the branching ratios of the semilep-
tonic Bc decays and ratioRJ/ψ in comparison with LHCb data [15] and other
theoretical approaches are shown in Table 2 and in Fig.2. The experimental
errors and some theoretical uncertainties are taken in quadrature. We esti-
mate the uncertainties of our calculation of the branching fractions as about
20 % because they are proportional to form factors squared. One can see
that the theoretical predictions for the ratio RJ/ψ are more than 2 σ less
than the experimental data.
The values of the nonleptonic Bc-decay widths in units of a
2
1 · 10−15 GeV
are shown in Table 3. For comparison, we also give the values obtained in
other approaches. In Table 4 we display the absolute values of branching
fractions of the nonleptonic Bc-decays in % obtained in our model with the
Wilson coefficient a1 = 1.038.
Finally, we show in Table 5 and in Figs. 2, 3 and 4 the values of the ratios
RJ/ψ, RK/π and Rπ/µν obtained by LHCb Collaboration and calculated in
our model and other theoretical approaches. One can see that the ratios
RK/π and Rπ/µν are consistent with available experimental data whereas the
ratio RJ/ψ is more than 2 σ less than the data.
4. Summary and discussion
We have calculated the semileptonic and nonleptonic decays of the Bc
meson within CCQM. We have found that the ratios of the branching frac-
tions Rπ+/µ+ν and RK+/π+ are in good agreement with the LHCb data and
other theoretical approaches. At the same time the theoretical predictions
for the ratio RJ/ψ are more than 2 σ less than the experimental data. This
may indicate on the possibility of New physics effects in this decay. The
possible influence of such effects or some physical observables in the decays
mediated b→ c l ν transitions have been discussed in [17, 18, 28].
One has to mention that the semileptonic decays of the Bc-meson pro-
ceed via the same quark level process b → c ℓν¯ℓ as the analogous decays
of the B-meson. The measurements of the ratio of the branching fractions
B → D(∗)τ ν¯τ and B → D(∗)µν¯µ (D(∗) = D or D∗) performed by several
experimental collaborations (BaBar,Belle and LHCb) have shown up the de-
viation from the SM predictions. Even though the last data for the RD∗
reported by Belle Coll. [29] are consistent with the theoretical predictions of
the Standard Model, the average data given by HFAG [30] are still differ-
ent from the SM at the level of 4 σ. Since our result for RJ/ψ is different
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from the data at the level of 2 σ, we can urge to more precise measurement
of the Bc → J/ψ ℓν¯ℓ channel which currently has quite large uncertainties
(see, Eq. 3). At the same time we found that the theoretical predictions
for the ratio RK/π are well consistent with the experimental data. This
might be very important since it may imply that the new physics (if there
is any) has strong couplings to the leptons but not hadrons. Such a com-
parison is very difficult in the B → D(∗)K(π) case since these processes
are described not only by one tree diagram but sum of the different tree
diagram (color-allowed, color-suppressed, annihilation), which induces more
hadronic parameters. So the Bc → J/ψK(π) channels, coming only from
color-allowed tree diagram, can be used as a better test of this observation.
Indeed, since the H
Bc→J/ψ
t (m
2
K) ≈ HBc→J/ψt (m2π) in our model then
RK/π ≈ |Vus|
2
|Vud|2
f 2K
f 2π
≈ 0.076 (13)
that fits very well the last LHCb-data [11].
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Table 2: Branching fractions (in %) of semileptonic Bc decays into charmonia.
Mode This work [3] [4] [5] [7]
B+c → ηcµ+ν¯µ 0.95± 0.19 0.76 0.15 0.59 0.75
B+c → ηcτ+ν¯τ 0.24± 0.05 0.20 0.23
B+c → J/ψµ+ν¯µ 1.67± 0.33 2.01 1.47 1.20 1.9
B+c → J/ψτ+ν¯τ 0.40± 0.08 0.34 0.48
Mode [8] [9] [16] [18] [19]
B+c → ηcµ+ν¯µ 0.42 0.81 0.55 4.5+1.66−1.24 0.44
B+c → ηcτ+ν¯τ 0.22 2.8+1.01−0.73 0.14
B+c → J/ψµ+ν¯µ 1.23 2.07 1.73 5.7+1.1−0.92 1.01
B+c → J/ψτ+ν¯τ 0.49 1.7+0.51−0.33 0.29
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Table 3: Nonleptonic decay widths of the Bc meson in units of a
2
1
· 10−15 GeV.
Mode This work [2] [3] [4] [5]
B+c → ηcπ+ 2.28± 0.46 2.07 1.59 0.28 1.47
B+c → ηcρ+ 3.15± 0.63 5.48 3.74 0.75 3.35
B+c → ηcK+ 0.17± 0.03 0.16 0.12 0.023 0.15
B+c → ηcK∗+ 0.19± 0.04 0.29 0.20 0.04 0.24
B+c → J/ψπ+ 1.22± 0.24 1.97 1.22 1.48 0.82
B+c → J/ψρ+ 2.03± 0.41 5.95 3.48 4.14 2.32
B+c → J/ψK+ 0.09± 0.02 0.15 0.09 0.08 0.08
B+c → J/ψK∗+ 0.13± 0.03 0.32 0.20 0.23 0.18
Mode [8] [9] [16] [26]
B+c → ηcπ+ 0.93 2.11 1.18± 0.10 1.49
B+c → ηcρ+ 2.3 5.10 2.89+0.51−0.46 3.93
B+c → ηcK+ 0.07 0.166 0.092± 0.0078 0.12
B+c → ηcK∗+ 0.12 0.276 0.17± 0.02 0.20
B+c → J/ψπ+ 0.67 1.93 1.24± 0.11 1.01
B+c → J/ψρ+ 1.8 5.49 3.59+0.64−0.58 3.25
B+c → J/ψK+ 0.05 0.15 0.095± 0.008 0.08
B+c → J/ψK∗+ 0.11 0.31 0.226± 0.03 0.17
Table 4: Branching fractions (in %) of nonleptonic Bc decays obtained in our model with
a1 = 1.038.
B+c → ηcπ+ B+c → ηcρ+ B+c → ηcK+ B+c → ηcK∗+
0.189± 0.037 0.518± 0.104 0.015± 0.003 0.029± 0.006
B+c → J/ψπ+ B+c → J/ψρ+ B+c → J/ψK+ B+c → J/ψK∗+
0.101± 0.02 0.334± 0.067 0.008± 0.002 0.019± 0.004
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Table 5: The ratios of branching fractions.
Ref. Rπ+/µ+ν RK+/π+ Rηc RJ/ψ
LHCb [1] 0.0469± 0.0054
LHCb[10] 0.069± 0.019
LHCb [11] 0.079± 0.0076
LHCb[15] 0.71± 0.25
This work 0.0605± 0.012 0.076± 0.015 0.26± 0.05 0.24± 0.05
[3] 0.0525 0.074
[4] 0.0866 0.058
[5] 0.0625 0.096 0.34 0.28
[6] 0.058 0.075
[7] 0.068 0.085 0.31 0.25
[8] 0.0496 0.077
[9] 0.082 0.076 0.27 0.24
[14] 0.075
[16] 0.064+0.007−0.008 0.072
+0.019
−0.008
[18, 27] 0.046+0.003−0.002 0.082 0.63± 0.0 0.29+0.01−0.00
[19] 0.31 0.29
[22] 0.28 0.26
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Figure 2: Theoretical predictions vs. LHCb data [15] for the ratioRJ /ψ. Solid line-central
experimental value, dotted lines–experimental error bar.
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Figure 3: Theoretical predictions vs. LHCb data [10] and [11] for the ratio RK+/pi+ . Two
solid lines- central experimental values, dash-dotted lines–experimental error bar from [10],
dotted lines–experimental error bar from [11].
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Figure 4: Theoretical predictions vs. LHCb data [1] for the ratio Rpi+/µ+νµ . Solid line-
central experimental value, dotted lines–experimental error bar.
14
